According to the macroscopical findings we speak of left-sided hypertrophy if mainly the left ventricle and the septum belonging to it increase in size, or of right-sided hypertrophy if the burden falls almost exclusively on the right ventricle. There are also forms, however, in which the hypertrophy involves the whole myocardium -for example, in cases of macrosplanchnia in acromegaly or in idiopathic cardiomegaly. From the macroscopical findings we can distinguish concentric hypertrophy with normal or even reduced lumen of the chamber. Concentric hypertrophy is especially found in hypertrophy due to raised pressure -for example, as a consequence of aortic stenosis, hypertension, etc. Eccentric hypertrophy, on the other hand, is found in the cardiac hypertrophy of athletes and in volume hypertrophy -for example, as a result of a shunt or a chronic lack of oxygen. In concentric hypertrophy with good cardiac efficiency the sarcomeres of the heart muscle contract extremely in systole, starting from a mean intensity in diastole; in eccentric hypertrophy, on the other hand, the diastolic active dilatation is greatest and the contraction only average in systole (Fig. i) . Even if the heart volume is not increased, heart failure may be present in concentric hypertrophy and may be absent in spite of large heart volumes in eccentric volume hypertrophy (Reindell, Keul, and Doll, I968) . Teare (I968) divides idiopathic hypertrophic subaortic stenosis into an asymmetrical form, which chiefly involves the region of the ventricular septum and anterior wall of the left ventricle, and a diffuse form. From our investigations (Meessen and Poche, I967) with the electron microscope, however, even inparts oftheasymmetrically formed heart which to the naked eye are not hypertrophied, growth process can be seen. We may therefore assume that both Teare's forms are only the expression of an often focal accentuated growth. A limit of the extent of hypertrophy is reached when the whole heart weighs often 500 g., and sometimes iooo g. or more, instead of the normal 300 g. In the extreme weights, however, not only the muscle mass but also the connective tissue is considerably increased. In I0 cases of cardiac hypertrophy with AV block and a mean heart weight of 6oo g. the proportion of connective tissue amounted to 22 per cent (Knieriem and Effert, I966) . Linzbach (1950, I960) set the 'critical weight of the heart' for the isolated left chamber at 200 to 250 g. and for the whole heart at 500 g., while Schoenmackers (I963) thought the upper limit of weight for the heart muscle to be 550 g.
Thickness of myocardial fibres
The increase in the mass of the heart muscle is caused by the fact that the individual cells of the myocardium grow -that is, they become thicker and longer. The thickness of the myocardial fibres in the left ventricle in man, depending on the fixation, embedding, and (Wollenberger and Schulze, I96I; Poche et al., I968; Novi, I968). In man, myocardial hypertrophy can be positively identified two to three weeks after the beginning of renal hypertension. In addition to the thickened, often deeply indented fibres, other fibres are always seen which are not yet thickened. The growth process gradually involves the individual fibres without ever changing them all. With a fibre thickness of S°tum. in cases of idiopathic cardiac hypertrophy or acromegaly the 'critical cell size' may be attained or exceeded. The exchange of materials between the individual cell compartments is made more difficult and the supply ofoxygen from the oxygen pressure areas surrounding the capillaries is no longer possible in sufficient amounts. Examination with the electron microscope enables the recognition of irregular heaps of mitochondria or glycogen and irregular ramifications and contractions as signs of distorted arrangement of the structure of hypertrophied cells in cases of idiopathic myocardiopathy (Meessen and Poche, I967) .
Quality of the nuclei Increases in the volume of the nuclei have long been known in cardiac hypertrophy in man. With more prolonged myocardial strain the stage of functional nuclear oedema is passed and duplication of the DNA content of the nucleus appears. My co-worker Pfitzer (I970) has systematically examined the process of the increase of DNA content in isolated nuclei from normal and hypertrophied human hearts. In a 4-day-old infant most of the myocardial nuclei are diploid. Between the fifth and tenth day of life, depending on the growth and increase in the weight of the heart, a shift in favour of the tetraploid form occurs, along with a few octaploid forms of the cell nuclei. This distribution pattern can be maintained with slight deviations up to senescence. In myocardial hypertrophy following hypertension, as well as in hypertrophy in cases of acromegaly, the quality of the nuclei shifts towards the polyploid forms. The change in the quality of the nuclei was seen clearly in the heart of a 24-year-old man with idiopathic hypertrophic myocardiopathy and a heart weight of I054 g. In this case we found, in addition to 2, 4, and 8-ploid nuclei, i6, 32, and 64-ploid cell nuclei (Fig. 2) . Corresponding changes were seen in hypertrophy of the right ventricle. In congenital cardiac and vascular disorders the shift towards the higher degrees of ploidy, which normally appears between the fifth and tenth year of life, can be seen to have occurred at birth in strained heart sections.
In contrast to thefindings in man, Pfitzer and Kuhn (I970) found in rats with renal hypertension that after nine weeks, and also after three and nine months, there was no increase in the DNA content of the myocardial nuclei. The quality of the nucleus had also not changed, though the cardiac hypertrophy, measured by heart weight and the average thickness of the fibres, was significant. Slight enlargements of the nuclear surface or volume after running or swimming training are only the manifestation of a reversible nuclear oedema (Ross, I967 after the end of the growth phase of the body, a worth-while number of hyperplasic processes play a part in the increase of the myocardial mass. The smooth muscle cells and the endothelial cells of the cardiac vessels and the fibroblasts of the interstices, on the other hand, increase in hypertrophy at any age through mitosis (Meessen, 1970) . Further work on the differentiation between hyperplasia and hypertrophy is necessary.
Swelling of mitochondria
After swimming for as little as two hours a slight adaptation swelling of the mitochondria can be seen with the help of the electron microscope. Greater swelling of the mitochondria and circumscribed disintegration of the myofibrils were observed after a swimming period which ended in exhaustion of the animals after I3 hours (Fig. 3) (Bozner and Meessen, 1969) . These early changes were even more obvious after compression strain in experimental aortic and pulmonary stenosis. With my former co-worker Poche in 196I I considered these findings to be an expression of an electrolyte shift which resulted in the absorption of water and nutrients. This process can be so intensive that thickening of the fibres and an increase in the volume of the nuclei may be seen with a light microscope, and even an increase in heart weight occurs. As the second step in hypertrophy, my co-worker Bozner and I saw in rats, after repeated swimming sessions, a significant increase in the extent of the   FIG. 3 Swelling of mitochondris and disintegration of myofilaments after 13 hours of swimming training.
mitochondria. The shift in the direction of the mitochondria in the mitochondria/myofibril ratio persists until the 40th day of the swimming sessions. The increase in the number and extent of the mitochondria is not specific for hypertrophy; however, we could also produce this adjustment, obviously prepared in the cell, in rats through thiamine deprivation (Bozner et al., I969). As we were able to show, in agreement with Novi (I968), in pressure hypertrophy the proportion of mitochondria to myofibrils finally shifted away from the mitochondria after a brief period of equilibrium. In rats with renal hypertension the ratio fell significantly after three months from the normal o-67 to0-3, and after a year to 0-23 (Poche et al., I968) . In this phase regressive changes are to be seen in the mitochondria (Fig. 4 and 5) and finally also partial disintegration or necrosis and atrophy (Onishi et al., I969) . Often signs of cardiac failure are to be seen then. Almost parallel to the dynamics of the morphological changes in the mitochondria runs the increase in ribosomes and polysomes which is detectable morphologically in the strained heart muscle after only a few hours. In the myocardial cells ergastoplasmic membranes are then to be seen, which almost never occurs in the fully grown heart of the rat.
According to our investigations, the third phase of hypertrophy, the formation of myo-filaments, sets in somewhat later -seven to eleven days after the beginning of the swimming training. Also, during the permanent strain of a pressure hypertrophy due to aortic stenosis the formation of new myofilaments is scarcely seen before the fifth day. The myofilaments lying in the sarcoplasm are arranged below the sarcolemma and transformed into myofibrils and sarcomeres capable of functioning (Fig. 6) Hypertrophic heart failure is characterized by disturbances of the structural flow balance (Meessen, I967, I968) . In the submicroscopical range electrolyte shifts are in the foreground in acute overstrain oedema of the cells and nuclei; it can very quickly develop into a circumscribed disintegration in the cells and into cell necrosis. In chronic strain the ratio between the number and extent of mitochondria and the number of contractile units becomes unfavourable over a period of time. Regressive changes in the mitochondria advance the process andlead to atrophy and necrosis and finally to interstitial fibrosis. The increase in DNA content of the nucleus seen in man is distorted by high degrees of polyploidy. The DNA and protein synthesis is finally dependent on age and nutrition and is affected, for example, by growth hormone and by the nervous system (Barta et al., I967a, b) . The ratio of fibres to capillaries becomes more and more unfavourable through the increase in the volume of individual muscle fibres. Disturbances of the microcirculation may irreversibly damage the metabolism of the cells (Poche, Arnold, and Nier, i969; Poche, i969) . Finally the growth of the ostia and the main branches of the coronary arteries no longer follows the hypertrophy of the myocardium in spite of the hyperplasia of the smooth muscle cells of the vessels (Schoenmackers, i963) . The increase in the bulk of the myocardium, the hypertrophy, is then limited by cellular disturbances of metabolism. 
